Education and literacy are key determinants of health but do not necessarily ensure health literacy (HL). The Institute of Medicine's (IOM) definition of HL is widely accepted, but there is no consensus over its constituent parts. Developing a practical measure of HL is a priority, but challenging. We aimed to derive a measure of HL in data from the Demographic and Health Surveys (DHS) Program administered by the United States Agency for International Development (USAID), which includes items representing domains of HL as defined by the IOM. We accessed data from the DHS conducted in Zambia in 2007. We applied factor analysis methods to eight survey questions that corresponded to elements of the IOM definition. We derived a single indicator and evaluated for reliability and validity. The derived dichotomous measure of HL demonstrated reliability (Cronbach's α = 0.68), good content validity, and importantly was composed of the elements described by the IOM including capacity to obtain, interpret and understand health information, and make appropriate health decisions. Only 46.5% of males and 24.5% of females had high literacy. HL varied considerably across other subgroups. This is the first study to derive a robust indicator of HL following the IOM definition in a large national sample. By applying and evaluating this method in future studies, researchers can use this approach in other DHS datasets to measure HL in additional countries, and ultimately test how HL relates to health outcomes.
INTRODUCTION
Literacy is known to be a key determinant of health. Several reports from developing countries highlight the positive impact of education and literacy on health and suggest that a lack of literacy contributes significantly to disease burden and reinforces health and economic inequalities (Evans et al., 1994 ; Joint Committee on National Health Education Standards, 1995; The World Bank, 1999; Kickbusch, 2001; Paasche-Orlow and Wolf, 2007; IOM, 2009 IOM, , 2011a . A high level of education or literacy does not necessarily ensure a high level of health literacy (HL).
Health researchers and healthcare professionals have long been interested in HL as a discrete form of literacy (Evans et al., 1994; The World Bank, 1999; Kickbusch, make appropriate health decisions (Ratzan and Parker, 2000) . Although this definition is accepted widely, a universal agreement has yet to be established. This is likely due, in part, to different interpretations of the concept of HL. In some countries, proxies have been used as surrogates for HL (e.g. general literacy, income or education), and in others, a single item is relied upon (e.g. provision of basic health information, or school enrollment) (Pleasant, 2012) . Findings using different approaches to measure HL are not directly comparable, and inaccurate conclusions may be made about the prevalence of HL and relationship to health outcomes.
In an effort to detect a common measure of HL, we utilized data from the Demographic and Health Surveys (DHS) Program, which is administered by the United States Agency for International Development (USAID) and has been conducted in over 90 countries since 1984 (dhsprogram.com, 2014) . The DHS survey includes items that represent domains of the IOM definition of HL. We accessed responses from the DHS and derived a single indicator that reflects a respondent's HL. By applying this method in future studies, our approach could determine HL in additional countries, relate HL to health outcomes and develop prevention strategies.
METHODS
We conducted a population-based, cross-sectional study to develop a measure of HL in Zambia. Data from a single country was performed to aid in feasibility and determine HL in a specific population before attempting comparative analyses using other countries' data.
Data and subjects
Data were accessed from the Zambia DHS (ZDHS) conducted in 2007. Households were selected at random. The survey was adapted for use in eight languages to meet respondents' preferences and administered verbally by a matched gender field team member. The data are provided for analysis in English. Respondents to the ZDHS were between 15 and 49 years old. Funded by USAID, the DHS is a well-established source of population-level data. The objectives, organization, sample design and questionnaires are described elsewhere (Central Statistical Office, 2009 ).
Measuring HL
We identified eight questions in the ZDHS that were relevant to the four domains of HL as defined by the IOM and reported as follows: (i) Capacity to interpret: questions regarding finishing primary school and the ability to read a whole or portion of a sentence were deemed a good fit as it is has been shown that the longer school is attended, the greater the ability to comprehend oral or written health information messages (Stuebing, 1997) . (ii) Capacity to obtain: questions regarding reading a magazine, listening to the radio, or watching television were used because it has been shown that higher levels of education and media exposure were consistently positively associated with HIV testing, a surrogate for health information (Mbago, 2004; Ayenew et al., 2010) . (iii) Capacity to understand: questions regarding learning family planning information from a magazine, radio or television in the last month were used as a surrogate for the ability to comprehend an oral or written message. (iv) Make appropriate health decisions: questions regarding the knowledge of a place to get an HIV test or to acquire condoms were used as a proxy for ability to make appropriate health decisions.
Factor analysis methods were used to extract a single factor that represented HL from the eight questions of interest. This approach let us explore how the responses related to one another. In addition, this approach derived a single indicator of HL that weighted the contribution of each item according to how strongly it loaded on a factor representing HL or one of the domains within this construct. Specifically, we used Cronbach's α to measure the internal consistency of the eight items. We then conducted factor analysis with oblique rotation to extract a single factor equal to the sum of the eight items after weighting each by its factor loading (Harman, 1976) . This single factor, which we call health_lit, was a standardized continuous variable with a mean of 0 and a standard deviation of 1. We then reclassified the continuous variable into tertiles and then collapsed observations in the lower two groups. Thus, we derived a measure of HL that was dichotomous and treated subjects with scores in the highest third as having high HL and all other subjects as not having high HL, which we refer to as low HL below for brevity.
Measuring comprehensive knowledge of HIV/AIDS
To assess the validity of our measure, we compared the derived measure of HL to a dichotomous variable that indicated whether a respondent had a comprehensive knowledge of HIV/AIDS, which is used in the DHS and United Nations Millennium Development Goals (United Nations Millennium Development Goals, 2008; Central Statistical Office, 2009 ).
Statistical analysis
The analysis involved descriptive statistics, a χ 2 -test to make a bivariate comparison between HL and comprehensive knowledge of HIV/AIDS and logistic regression to evaluate whether HL varied based on demographics and education (variables listed in Tables 1 and 2 ).
Wealth index is a DHS derived variable, which is a proxy for household's standard of living, based on consumer goods. In the logistic regression models, unadjusted models were run initially to evaluate the crude association between each demographic variable and HL. Then, a final regression model included the demographic variables simultaneously to adjust for covariates. Diagnostics including outlier detection, tests of multicollinearity (i.e. bivariate correlations; variance inflation factors) and indices of model fit were conducted using the conventional procedures (Hosmer et al., 1991; Archer and Lemeshow, 2006) . No statistical outliers were detected and not more than 9% of cases were excluded from any of the statistical analyses. Thus, the missing data were managed using listwise deletion. The absolute prevalence of high HL was also analyzed in the demographic subgroups. Sampling weights were accounted for in all analyses.
Sensitivity analysis
Because no standardized method for measuring HL exists, we used a number of additional approaches as alternatives to the dichotomous variable described above. First, instead of dichotomizing the continuous variable that was extracted through factor analysis, we used the original continuous standardized variable (i.e. health_lit) as a measure of HL and compared it to the demographic characteristics using unadjusted and adjusted ordinary least squares regression (OLS). Second, instead of using factor analysis to combine the eight variables, we generated a new composite HL score equal to the sum of values of the eight variables while giving equal weight (i.e. one point) to each variable, and modeled that score in its original form and thus treated HL as an alternative continuous variable. Third, we calculated a composite score by summing the eight variables and giving a weight of 0.5 to each of the three media variables and giving a weight of one point to each of the other variables, as an alternative approach that down-weighted the relative role of the media (given that media were measured with three items). We initially modeled this variable in its continuous form using OLS. Then, we converted each of the two alternative continuous scores into a dichotomous variable (split at the median) and modeled each new dichotomous variable as a measure of HL using logistic regression. We also tried different approaches to drawing the cutpoint, including classifying high versus low HL as being in either the top third or top half of the range of continuous values. The analyses were conducted using Stata 13 (College Station, TX) and ArcMap 10.2 (ESRI, Redlands, CA).
RESULTS
A total of 13 646 individuals between the ages of 15 and 49 were included in the study. Characteristics of the respondents are shown in Table 1 , as well as the prevalence of the eight items used to derive the measure of HL.
Factor analysis
The eight survey items chosen to represent elements of HL had good internal consistency (Cronbach's α = 0.68). The factor analysis found evidence that the construct of HL was composed of three domains (i.e. three eigenvalues were >1) that cumulatively accounted for 60.4% of the variance (33.6, 13.9 and 12.9%, respectively). The first domain included primary school education (loading = 0.87), reading a whole sentence or part (loading = 0.89) and reading a magazine (loading = 0.51). The second domain included listening to the radio (loading = 0.83), watching television (loading = 0.54) and learning family planning information from the media (loading = 0.74). The third domain corresponded to knowing a place to get condoms (loading = 0.63) and an HIV test (loading = 0.83). After extracting a single factor (i.e. health_lit) and dichotomizing it for use as our primary measure of HL, we compared this dichotomous variable to the items from which it was derived. Respondents who were classified as having high HL versus low HL had responded affirmatively to an average of 6.0 versus 3.6 of the eight items, respectively. Based on the dichotomous variable, 35.1% of respondents had high HL and 64.9% had low HL. 
Correlates of HL
The crude and adjusted logistic regression models that examined correlates of HL are reported in Table 2 . After adjustment, being female, in one of the youngest age groups, and being married or formerly married were associated with a lower likelihood of having high HL. Characteristics associated positively with having high HL included living in an urban area, and being in the middle or higher wealth index levels.
Prevalence of HL by demographic characteristics
As shown in Figure 1 , fewer than half of males (46.5%) and only one quarter (24.5%) of females had high HL. The prevalence of high HL ranged between 31.7 and 40.0% across the age groups. Approximately three of every 10 married or formerly married respondents, and half of never married respondents had high HL. Just over half (56.0%) of the respondents in urban areas had high HL whereas only 19.4% respondents living in rural areas had high HL. Having high HL correlated positively with wealth index and ranged from a low of 14.1% among the poorest to a high of 70.8% among the richest. Only six of every 10 (58.4%) respondents with some secondary education had high HL, and of those who completed secondary education or higher, the majority had high HL (83.3%). Few (11.4%) respondents who had not completed primary education had high HL.
Sensitivity analysis
The regression models conducted for a sensitivity analysis found that the alternative dichotomous and continuous measures of HL related to the demographic variables in a similar fashion to what was reported above using our primary dichotomous measure of HL. The results of the alternative models are thus not reported for brevity.
DISCUSSION
We applied factor analysis methods to an easily accessible dataset of a large national health survey in Zambia and derived a measure of HL. The indicator has good internal consistency, high reliability and content validity with respect to comprehensive knowledge of HIV/AIDS, convergent validity as HL performed in an expected manner and criterion validity as it is representative of domains of the IOM definition. Additionally, alternative measures of HL were consistent with the primary indicator. To the best of our knowledge, this is the first study to derive a robust indicator of HL following the IOM definition in a large national sample. It is possible that HL is a characteristic that varies in quantity and can range from low to high across individuals in a given population. It is reasonable to expect a threshold effect such that an individual must possess at least a certain level of HL in order to realize any beneficial effects on health. We treated HL as dichotomous, and classified individuals as having either high HL or low HL, and believe that a dichotomous indicator of HL, as compared with a continuous measure, will be more straightforward to use in future research. Given that our primary measure was derived using an objective method of weighted (i.e. factor analysis), and dichotomized in a manner that was intuitive (i.e. a simple one-third versus two-thirds cutpoint) and that will be straightforward for other investigators to replicate in future studies, and given that our measure corresponded in an expected fashion with correlates of interest, we are confident presenting the method we used to derive a dichotomous indicator as the recommended approach.
Approximately six of every ten respondents had low HL in this study. Characteristics that appear to be associated with low HL include being female, young age and being married or formerly married. It seems the predictors of high HL relate specifically to literacy, which is known to be disproportionately higher in those who are educated, living in urban areas and are wealthier (Stuebing, 1997; Kickbusch, 2001; Zhang, 2006) . Higher education was associated with high HL. However, low HL was still prevalent in almost half of those with primary education and in about 2 of every 10 respondents who had secondary education or higher. Thus, high educational attainment seems to not be the only force driving high HL.
We hypothesize that contextual factors associated with higher education modify the effect or confounds the assessment of or attainment of HL. Future research is needed to evaluate this issue in other samples and populations and to add further insight.
Limitations
The measurement of HL in this study may be imprecise. Our challenge was compounded in that no recommended method for measuring HL exists. There was evidence the approach we took was reasonable, however. We selected responses to questions in the survey that corresponded with what the IOM considers to be domains within the construct of HL; the internal consistency of these items was good; the factor analysis suggested that HL was indeed composed of multiple domains and respondents' status on the resulting HL variable corresponded with multiple demographic characteristics in expected directions. We thus saw evidence of face validity, reliability and criterion validity in the steps of our approach. Beyond this, the sensitivity analysis found no evidence that an alternative method for building our key variable would have led us to conclude differently. There is also the limitation on using data collected that were not acquired specifically for the study in question.
CONCLUSION
To the best of our knowledge, this is the first study to derive a robust indicator of HL following the IOM definition in a large national sample. Further research is needed to examine how our approach performs in other countries before investigating the role of HL in generating desired health outcomes. HL could serve as a health index in future studies. Specifically, Zambia could use these data to create a specific health indicator and identify relations to current prevention programs and health outcomes. Potential public health targets could be directed at subgroups associated with low HL (i.e. females, young people, married people, rural dwellers and the poor). Potential policy topics could focus on HIV education as certain areas of HIV/AIDS knowledge were lacking, and prevention strategies since condom use was found to be low.
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